Introduction: Poor adherence to factor replacement therapy among patients with haemophilia can lead to joint bleeding and eventual disability. Aim: The aim of this study was to determine patient-related characteristics associated with adherence to factor replacement in adults with haemophilia. Methods: Adults with haemophilia were recruited to participate in this cross-sectional study. Adherence was measured using either the Validated Hemophilia Regimen Treatment Adherence Scale (VERITAS)-Pro or the VERITAS-PRN questionnaire. Simple and multiple regression analyses that controlled for confounding were performed to determine the association between patient-related characteristics and adherence to factor replacement therapy. Results: Of the 99 subjects enrolled, all were men; 91% had haemophilia A and 78% had severe disease. Age ranged from 18 to 62 years. Most (95%) had functional health literacy; but only 23% were numerate. Mean adherence scores were 45.6 (SD 18) and 51.0 (SD 15) for those on a prophylactic and those on an episodic regimen, respectively, with a lower score indicating better adherence. On multivariable analysis, being on any chronic medication, longer duration followed at our haemophilia treatment centre, higher physician trust and better quality of life were associated with higher adherence. A history of depression was associated with lower adherence. Conclusion: Two potentially modifiable characteristics, physician trust and depression, were identified as motivator and barrier to adherence to factor replacement therapy. Promoting a high level of trust between the patient and the healthcare team as well as identifying and treating depression may impact adherence to factor replacement therapy and accordingly reduce joint destruction.
Introduction
Management of haemophilia entails replacement of the deficient clotting factor. Factor replacement therapy can be prescribed through a prophylactic regimen with regular infusions [1] or through an on-demand regimen for treatment at the time of a bleed. Control of bleeding episodes ultimately decreases pain and morbidity and mortality and increases quality of life and physical activity [2, 3] . Therefore, the patient's understanding of the need for factor replacement and adherence to the regimen agreed upon by the patient and the haemophilia treatment centre (HTC) are of utmost importance [4] . Adherence to factor replacement as prescribed includes treating bleeding episodes promptly and understanding different dosing for different bleeding severity, which can be complex.
Although barriers to medication adherence can vary by disease and among patients, they can conceptually be categorized into patient-related, treatment-related, provider-related and health-system factors [5] . Studies examining the barriers to adherence to factor replacement among adults with haemophilia have been limited. One earlier study reported that 22 subjects identified that 'time constraints' was a non-modifiable barrier to adherence [6] . More recently, Llewellyn et al. and DeMoerloose et al. reported motivators for high adherence, namely experience of symptoms, positive belief of necessity of treatment and a good relationship with the healthcare provider. Barriers to adherence to factor replacement included absence of symptoms and increasing age [7, 8] .
Two patient-related factors not often considered in routine health care are health literacy and numeracy. Health literacy is the degree to which individuals have the capacity to obtain, process and understand basic health information and services needed to make appropriate health decisions [9] . Numeracy is the ability to handle basic probability and numerical concepts such as estimation and problem-solving [10] . These two patient-related factors have been associated with poor adherence to medications among patients with human immunodeficiency virus (HIV) and on warfarin anticoagulation [11, 12] . Health literacy and numeracy have not been studied in patients with haemophilia but are important to understanding concepts such as total factor dose calculation from multiple vial sizes and dosing frequency. Both skills are needed to prevent adverse health outcomes including the resultant morbidities due to poor disease control. In this study, adherence to factor replacement in patients with haemophilia and patient-related characteristics that may influence their adherence were examined. Accordingly, we included these previously unexplored components in our study of adherence. The aim of the study was to determine the association between demographic, socioeconomic, psychosocial and health literacy and numeracy characteristics with adherence to factor replacement therapy.
Materials and methods

Participants
In this cross-sectional study, after Emory University Institutional Review Board approval, patients who were ≥18 years old with moderate or severe haemophilia were considered potentially eligible and approached to determine eligibility during clinic at the Emory University/Children's Healthcare of Atlanta HTC between 1 November 2012 and 2 January 2014. Additional eligibility criteria included current prescribed use of factor (F) VIII or FIX replacement regardless of the inhibitor titre; if prescribed an episodic regimen, subjects must have reported 3 or more haemarthroses in the past year. All self-infused or had someone in the household to infuse factor product intravenously. Lastly, as a result of limited language availability of several research tools, subjects were required to speak and read English. Patients were excluded if they had mild haemophilia, were used bypass agents, or utilized a home healthcare nurse or the emergency department for infusions. All subjects provided written consent to participate.
Measurements
Sources of data. Outcome measure-The primary outcome measure was adherence to factor replacement using the self-reported Validated Hemophilia Regimen Treatment Adherence Scale (VERITAS)-Pro and VERI-TAS-PRN [1, 13] , completed by subjects on prophylaxis regimens and by those for episodic treatment of bleeding episodes, respectively. The range for the total score is 24-120, where the lower the score, the higher the adherence. In this study, the VERITAS score was treated as a continuous value as there is no validated cut-off total score to indicate adherence using the VERITAS-PRN score.
Independent measures-Demographic and socioeconomic information collected on a self-reported questionnaire included race, ethnicity, gender, age, education level, category of annual household income level, access to a car and employment status. Additionally, subjects self-reported current or past diagnosis of depression, presence of any joint with >20 bleeds during a lifetime and whether the patient was currently taking other medication(s) chronically for more than 6 months. Physician trust was measured using the 10-item Wake Forest Physician Trust Scale [14] . The total score ranges from 10 to 50 with a higher score indicating greater physician trust. Healthrelated quality of life was measured using the Haem-A-QoL [15] and has a total score ranging from 33 to 230 with a lower score indicating a higher quality of life. Health literacy was measured using the shortened Test of Functional Health Literacy in Adults (s-TOFHLA) [16] . The total score ranges from 0 to 36, and a score ≥23 is considered health literate. Numeracy was measured using the three-item scale created by Schwartz and Woloshin [10] . To be considered numerate, one must answer all three questions correctly. The investigator was present in the room during health literacy and numeracy assessments to ensure there was no aid from others in the room or from electronic devices to complete the questionnaires. The three other questionnaires were completed by the subject during the clinic visit. Health information obtained from review of the electronic medical records included haemophilia diagnosis, severity, and presence or absence of HIV infection and hepatitis C virus (HCV) antibody.
Statistical analysis
The pre-enrolment target sample size was 90 individuals to have 90% power to detect an R 2 of 0.30 attributed to seven independent variables of interest. Descriptive statistics were calculated for each measure. Education level was dichotomized into those that did have a bachelor's degree or higher and those that did not have a bachelor's degree. Median household income level was dichotomized at < and ≥$50 000 based on the median annual income in the United States of $51 000 in 2013 [17] . Numeracy was analysed dichotomously (all three questions correct vs. <three questions correct). Adherence, health literacy, physician trust and quality of life were all analysed as continuous variables. Adherence as measured by the VERITAS score was the outcome variable. Although patients completed one of two VERITAS questionnaires based on their factor replacement regimen, we considered any VERITAS score (whether it was VERI-TAS-Pro or VERITAS-PRN) a measure of adherence in the regression models.
Bivariable associations between adherence and each predictor variable were assessed using simple linear regression. Variables that were significant or approaching significance (P < 0.25) in simple linear regression were included as potential exposure variables in a multivariable linear regression model. Health literacy and numeracy were also evaluated as variables in the adjusted model regardless of their Pvalue on simple linear regression. A final adjusted model that controlled for confounding was created using a backward stepwise model building process. Interactions between exposure variables were assessed.
All analyses were performed using Statistical Analysis System (SAS) version 9.3 (SAS Institute, Cary, NC, USA). P < 0.05 was considered statistically significant.
Results
Demographic and health characteristics
Of 168 potentially eligible patients identified prior to clinic, data were collected from 99 adult males ( Fig. 1) . Complete data were collected on 91 subjects. Among the eight subjects with missing information, physician trust, health-related quality of life, income level, employment status, insurance status and selfreported health information were missing.
The mean age of the 99 enrolled subjects was 33 years and ranged from 18 to 62 years ( Table 1) .
The majority were white (69%) and non-Hispanic (94%). Most had haemophilia A (91%) and severe disease (78%) with the majority reporting at least one joint with greater than 20 bleeds during their Fig. 1 . Screening and enrolment. lifetime (97%). About a quarter of the study population had HIV infection (26%), and over half of the study population were HCV antibody positive (59%); depression history was reported in 21%; and half (49%) infused replacement factor prophylactically. The proportion of subjects on any chronic medications not including factor replacement was 45%. On average, patients were followed at the HTC for 16 years (SD 11). The majority on prophylaxis were adherent, and adherence scores were similar between patients on prophylaxis and episodic regimens [mean VERITAS-Pro was 45 (SD 18), mean VERITAS-PRN was 51 (SD 15)] with a lower score indicating greater adherence.
Socioeconomic/Psychosocial/Health literacy measures
A substantial proportion of all subjects (42%) reported their annual household income was $0-$24 999; less than a third of this group was age 23 years or younger; about 75% of this group reported the highest level of education as less than a bachelor's degree. Thirty-five per cent reported being unemployed or disabled; 78% owned a car. The majority (95%) had functional health literacy, but only 23% were numerate.
Characteristics associated with adherence
On bivariable analysis, the outcome of interest, adherence, was positively associated with being prescribed a prophylaxis regimen, higher physician trust and better health-related quality of life and was negatively associated with a history of depression (P < 0.05) ( Table 2) . Health literacy and numeracy were not associated with adherence. On multivariable analysis, after adjusting for treatment regimen, having a history of depression was negatively associated with lower adherence (P = 0.01), whereas being on any chronic medication, longer length of time followed at HTC, higher physician trust and better health-related quality of life were positively associated with better adherence (all P < 0.01). No effect modification was detected after assessing interaction between exposure variables and age, race or disease severity. Health literacy, numeracy, and completed undergraduate or higher education were included in the initial multivariable model, but were neither associated with adherence (P = 0.87, 0.74 and 0.24, respectively) nor demonstrated confounding, and thus were not included in the final model (Table 3) . In a subgroup analysis, multivariable analysis was completed with subjects stratified by factor replacement regimen. Although the power was reduced due to smaller sample size, for subjects using factor replacement prophylactically, being on any chronic medication (P < 0.01) and better health-related quality of life (P < 0.01) were both associated with greater adherence, whereas history of depression (P = 0.24), longer length of time followed at HTC (P = 0.16) and higher physician trust (P = 0.40) were not associated with adherence in this subgroup. In contrast, in the subgroup of patients using on-demand therapy, history of depression (P = 0.02), longer length of time followed at HTC (P = 0.04), higher physician trust (P = 0.03) and better health-related quality of life (P = 0.02) remained associated with adherence, while being on any chronic medication (P = 0.26) was not. These differences in multivariable results were not accounted by differences between the prophylactic and on-demand groups in the proportion of subjects with history of depression (22% vs. 20%), mean healthrelated quality of life (98.5 vs. 96.0), mean physician trust (42.7 vs. 42.6), mean length of time followed at HTC (15.7 vs. 15.8) and subjects on a chronic medication (40% vs. 50%).
Discussion and conclusion
This single-centre study identified several modifiable and non-modifiable characteristics associated with adherence to factor replacement in patients with moderate and severe haemophilia. Non-modifiable patient characteristics include being on any chronic medication, having been followed longer at the HTC and better health-related quality of life. Potential modifiable characteristics associated with adherence include high physician trust and a lack of history of depression. The presence of a self-reported history of depression was associated with a seven-point higher score on the VERITAS scale. Previous studies indicated depression is prevalent among patients with haemophilia [18] . Depression has been linked with poor adherence among patients with diabetes [19] and although not formally evaluated in patients with haemophilia, the negative impact of depression on adherence has been suggested in prior studies. In a qualitative study reported by Flood et al., [18] depression was related to a loss of independence with performing daily activity. In a separate study, depressive symptoms were significantly associated with lack of social support and unemployment [20] as well as potentially associated with increased annual bleeding episodes which the authors surmised could be associated with failure to be adherent to antihaemophilic factor treatment. Although history of depression was equally prevalent in both treatment regimens, it played a larger role with respect to adherence among patients using ondemand therapy. As the study did not evaluate current symptoms of depression nor specify how remote or severe the depression was, it is possible that these issues are the driver of the differential significance and further investigation is needed. Alternatively, it could be that depression has more influence on adherence in patients using on-demand therapy and may in fact be a barrier to adoption of prophylactic therapy.
The association between higher adherence and better quality of life was previously reported by Duncan et al. [21] . She hypothesized that with higher adherence, there is improved physical functioning and therefore increased quality of life. Alternatively, higher quality of life with less psychosocial stress may facilitate adherence. The cross-sectional design of this study and the study reported by Duncan et al. cannot determine the directionality of the effect.
Physician trust also influenced adherence. Every 10 points higher on the Wake Forest Physician Trust Scale was associated with a five points decrease in the VERITAS score. The impact of physician trust on adherence to factor replacement has been previously reported. In the qualitative study by De Moerloose et al., [8] a good relationship with the healthcare provider was associated with adherence. Although physician trust can be different than having a good relationship with the healthcare provider, there is some overlap in these concepts. Our study showed a positive association between the duration of time followed at our HTC and adherence to factor replacement. Similarly, De Moerloose et al. did identify that the more time spent with an HTC member during a clinic visit was associated with higher adherence. This observation further emphasizes the importance of building a strong relationship with HTC patients. The positive impact of physician trust and shared decision-making on adherence to treatment has also been demonstrated in other chronic diseases such as diabetes and hypertension [22, 23] . As was the case with a history of depression, physician trust was significantly associated with CI, confidence interval; WFPTS, Wake Forest Physician Trust score. The higher the score, the higher the physician trust; Haem-A-QoL, The lower the score, the better the quality of life. *Adjusted model for treatment type; adjusted R 2 = 0.30. Adherence using VERITAS scale: The lower the VERITAS score, the higher the adherence. adherence in patients using on-demand therapy but not in those using prophylaxis despite a similar distribution of physician trust in the two groups. Although conclusions are limited by sample size, it is also possible that physician trust is in fact more influential in patients who have yet to adopt a prophylactic regimen of factor replacement therapy.
Interestingly, the use of any chronic medication was associated with better adherence to factor replacement. Specifically, those on chronic medications were associated with a six-point lower VERI-TAS score. This finding differs from two other studies that reported chronic medication use was associated with decreased adherence to oral drugs used to treat cancer and Parkinson's disease [24, 25] . We can speculate that among patients in this study, having other health conditions may be a motivator to better manage their haemophilia. Alternatively, pain medications may be a common chronic medication and pain may be a motivator for adherence to factor replacement therapy.
In contrast to other studies, neither age [26] nor disease severity [27] was associated with adherence in our study. The lack of association with age is possibly related to the fact that the majority of our patients were younger adults with only 14 subjects age 50 years or older. The ability to evaluate disease severity was limited by the necessity of having subjects who received factor replacement therapy; accordingly, the study population was fairly homogeneous in this respect with 78% having severe disease.
To date, there have been no published studies about health literacy and numeracy in the haemophilia population. There are minimal descriptions of health literacy and numeracy in any individuals with haematological disorders such as an abstract by Shook et al. [28] about health literacy in patients with sickle cell disease. This area of research remains vastly underreported and understudied for those with bleeding disorders. A large majority of this single-centre population had functional health literacy, and therefore, associations with adherence to factor replacement were not able to be made. Although numeracy was not associated with adherence to factor replacement in this study, only a minority of patients were able to answer questions about probability, percentages and proportions which may impact a patient's understanding of dose, factor pharmacokinetics and risk.
Our study was limited by the fact that our enrolment included only those who attended their scheduled HTC appointments and were sufficiently on time to allow completion of study questionnaires. However, there was no difference in age, diagnosis, race, ethnicity and treatment regimen between those who participated and those who were scheduled for clinic and did not show or declined to participate. Secondly, we did not evaluate more abstract patient factors such as family support, social support, social stigma, perception about the need for the medication and perception of risk of side effects. Certain health-system factors that could influence adherence were also not evaluated including individual formularies, prior-authorization requirements and cost sharing. Third, we limited our enrolment to only those who read and spoke English due to the limited validated tools in other languages. This likely contributed to a study population with greater functional health literacy than that of the population from which the study was drawn. A fourth limitation is that there is a possible misclassification of physician trust scores as patients may be less likely to report distrust while in the HTC. Nevertheless, our high participation rate provided an accurate reflection of the patient population in our single centre.
In conclusion, adherence to factor replacement therapy is multifactorial and appears to be influenced by depression, physician trust, health-related quality of life and use of chronic medications. As research continues to guide the improvement of care for patients with haemophilia, several modifiable factors have been identified in this study such as increasing physician trust and identifying and managing depression. As high physician trust is also associated with increased adherence to factor replacement in the haemophilia population, future research should evaluate interventions to maximize physician trust and assess its impact on adherence to factor replacement therapy.
